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been tried to push the CW operating temperature towards higher values. However, all attempts failed quite systematically due to very high threshold current densities which led to overheating of the device. For this reason, it was essential to (i) "ize the threshold current density and (ii) use a laser geometry that maximizes heat dissipation from the active region and " i z e s thermal stress within the active region. We present buried heterostruawe QC lasers with a four quantum well (QW) active region based on a double phonon remnance' and with an improved waveguiding scheme and better heat dissipation for high temperature CW operation. The laser structure is grown by molecular beam epitaxy (MBE) using temary Inand InAlAs alloys lattice matched to an ndoped InP substrate. The QC laser active material consists of 35 periods, each comprising a partially n-doped injector region and the undoped four QW active region, embedded in an optical waveguide formed on one side by the InP substrate and a 0.2 pm thick InGaAs layer and on the other side by an upper InGaAs layer and an InP top cladding layer. The four quantum well design makes use of short lifetime of the lower lasing state and the good injection efficiency into the upper lasing state. The presence of three coupled lower energy states in the active region allowing the emission of two optical phonons from the lower laser level increases the ratio between the upper and lower state population (as compared to single-phonon three quantum well active region), decreases the threshold current density, and increases the dope efficiency and maximum power. Additionally, gowth conditions and the doping concentration of the active region were optimized to further reduce the threshold current density. Buried heterostructure lasers were fabricated by chemical wet etching of 5 pm deep and 9-15 pm wide ridge waveguides using a SiO' mask followed by regrowth of 5 p of non-intentionally doped InP by metal-organic chemical vapour phase epitaxy (MOVPE) to form the planarized buried heterostructure. The Si02 layer on top of the laser ridge was removed after regrowth and ohmic contacts were evaporated on top of the highly doped cladding layer. Substrate thinning and standard back metalization completed the laser fabrication. Devices were then cleaved into 0.75 mm long lasers, soldered junction-down onto a diamond platelet and finally facetsoated by a ZnSePbTe high-reflectivity (R = 0.7) layer pair. The choice of a buried stripe greatly improves the heat transport hy allowing heat flow from all sides of the active region due to the much higher thermal conductivity of InP compared to ternary III-V compounds and insulating SiN layers used in the conventional ridge geometry of QC lasers. Moreover, the small refractive index difference between the waveguide core and lateral InP allowed to make very narrow waveguides without having excessive loses. Additionally, the narrow stripe gwmetry also decreases the total amount of strain that builds up in a material subjected to a very strong temperature gradient'. The optical power emitted under continuous wave operation was measured using a calibrated thermopile detector which was mounted directly in front of the laser facet At room temperature (292 K), 15 pm wide FP-lasers emitted up to 17 mW of optical power per facet at a drive current of 600 mA (Fig. 1) resulting in a slope effiaency q = dP/dl of 99 mW/A and a wall plug efficiency of 0.33% per facet. This device could be operated up to 311 K with a maximum optical power of 3 mW (q = 52 mW/A). The threshold current I* increased from 415 mA at 292 K (corresponding to a threshold current density J, of 3.7 Wcm' ) to 540 mA at 311 K (I. = 4.8 Wcm'). The threshold voltage V , increased from 7.5 V to 8.1 V over the measured temperahue range.
FP-lasers with the same cavity length hut a slightly narrower stripe width of 12 w exhibited a low threshold current of 390 mA (Jm = 4.3 Wcm* at a voltage bias U = 7.6 V) and a slope efficiency q = 101 mW/A at 292 K. This device emitted 13 mW of optical power from a single facet at a driving current of 550 mA resulting in a wall plug efficiency of 0.275% per facet. Buried hetemstructure distributed feedback (DFB) lasers were fabricated from the same active region material. The grating with 1.435 p-penod for an emission frequency at 1106 an'' was holographically defined using a 488 nm Arion laser and etched by wet chemical etching to a depth of 180 nm into the upper 200 nm thick InGaAs waveguide layer before the InP growth of the top cladding layer. The buried heterostructure was fabricated with a n m w active region of 9 '~ width. DFB lasers could be operated in continuous mode up to 253 K on a thennoelectric cooler (Fig. 2) . At 243 K, lasing action was observed above a threshold current of 310 mA (JUI = 4.6 Wan+) with a maximum measured optical power of 4.6 mW at 360 mA (q = 92 mW/A). At 253 K, 1 mW of optical power was measured per facet. We observed single mode &ion over the whole temperature and current range (243-253 K, 310-360 mA) with a narrow linewidth @elow the resolution limit of our FITR of 0.125 a n . ' ) and a high side mode suppression ratio (>30 dB).
